This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



10 



20 



30 



I' 

SEMICONDUCTOR DEVICE 

BACKGROUND OF THP •t NVFNTTON 

This application is based on Japanese Patent Application No. 2003-1 02692, and the 
description thereof is herein incorporated by reference. 
Field of the Invention: 

This invention relates to a semiconductor device, particularly to a semiconductor device 
having MOS transistors and bipolar transistors on a single semiconductor device. 
Description of the Relate Art- 

In recen, years, an analog-digha. mixed signal LSI, which in.egm.es an analog circuit and " 
. dWti circuit, has been developed. ,„ sueh an LSI, the analog eireui. is mahdy configured of 
bipolar transistors, and the digital eireui, is mainjy eonfigured of MOS transistors. For forming 
.he MOS uansistors and the bipolar transistors „„ a single semiconductor substrate, a BiCMOS 
process where a bipolar process and a CMOS process are combined is used. 

Conventionally, since the BiCMOS process has significant more steps man me CMOS 
IS process, me cos, and time for manufacturing me LSI highjy increases accordingly. Japanese 
Paten, Application Publication No. 2000-3972 discloses a technology for reducing steps by 
fonming a bipolar transistor by a triple-well CMOS process. 

However, in the convention,, art tire base of the bipolar transistor is formed by a series of 
process steps in addition to me process steps ,o fonn me MOS .ransistor. 

SUMMARY OF the INVENTION 
In Ae invention, bipolar transistors of various types are formed by me triple-well CMOS 
process without adding additional process steps. Firs., an N-wel, is formed on a surface of a 
P-type semiconductor substrate and a P-channel .ransistor is formed in the N-we.l. Furthermore 
a P-well is formed in the N-well and an N-channe. transistor is fonned in the P-well fta the 
N-well is used as a collector of a vertical NPN bipolar transistor. Furthermore, the P-well L 
used as a base of me vertical NPN bipolar transistor or a lateral NPN bipolar transit 

BRIEF DESCRIPTION OF THE np A VaMm 

invention. 

Fig. 2 is a cross-sectional view of the semiconductor device of Fig. 1 to show other 
portion of the same semiconductor device. 
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Fig. 3 shows characteristics of a vertical NPN bipolar transistor of the embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

A semiconductor device of an embodiment of the invention will be described with 
reference to the drawings in detail. Figs. 1 and 2 are cross-sectional views of the semiconductor 
device of the embodiment of the invention. Fig. 1 shows an N-channel MOS transistor 10, a 
P-channel MOS transistor 20 and a vertical NPN bipolar transistor 30. Fig. 2 shows a lateral 
NPN bipolar transistor 40, a lateral PNP bipolar transistor 50, and a vertical PNP bipolar 
transistor 60. These two MOS transistors and the four bipolar transistors are formed on the 
same semiconductor substrate 1 . 

Next, a structure and a manufacturing method of the N-channel MOS transistor 10, the 
P-channel MOS transistor 20, and the vertical NPN bipolar transistor 30 will be described with 
reference to Fig. 1 in detail. 

Field insulating films 2 for electrically separating these transistors is formed on a surface 
of the P-type semiconductor substrate 1 . A first N-well 3 A and a second N-well 3B are . 
simultaneously and deeply formed on the surface of the P-type semiconductor substrate 1 in the 
same step. Accordingly, the two wells have substantially the same impurity concentration 
profile. The first N-well 3 A and the second N-well 3B are approximately 4 micrometers in 
depth from the surface of the P-type semiconductor substrate 1 . A first P-well 4A is formed in 
the first N-well 3 A, and the N-channel MOS transistor 10 is formed in the first P-well 4A. The 
first P-well 4A is formed shallower than the first N-well 3 A, and its depth is 1 to 2 micrometers 
for example. On the surface of the first P-well 4A, an N+ source layer 1 1 , an N+ drain layer 12, 
a gate insulating film, a gate electrode 13 on the gate insulating film and a P+ layer 14 for setting 
an electric potential of the first P-well 4A are formed to form the N-channel MOS transistor 10. 

The second N-well 3B is used as a collector of the vertical NPN bipolar transistor 30. A . 
second P-well 4B is formed in the second N-well 3B. The second P-well 4B is formed 
simultaneously with the first P-well 4A in the same step. Accordingly, the two wells have 
substantially the same impurity concentration profile. The second P-well 4B is used as a base 
of the vertical NPN bipolar transistor 30. On the surface of the second P-well 4B, an N+ 
emitter layer 3 1 and a P+ base electrode 32 are formed. 

A gate electrode 33 is formed between the emitter layer 3 1 and the base electrode layer 32 



through the gate insulating film. The gate electrode 33 is connected with the emitter layer 3 1 . 
Furthermore, an N+ collector layer 34 is formed on the surface of the second N-well 3B. The 
emitter layer 31 and the base electrode layer 32 are formed by ion implantation by using the gate 
electrode 33 as a mask so that a distance between the base electrode layer 32 and the emitter 
5 layer 31 is determined by a length of the gate electrode 33. 

A fourth N-well 5 A is formed in the first N-well 3 A, and the P-channel MOS transistor 20 
is formed in the fourth N-well 5A. The fourth N-well 5 A is formed shallower than the first 
N-well 3 A, and its depth is 1 to 2 micrometers, for example. On the surface of the fourth 
N-well 5 A, a P+ source layer 21, a P+ drain layer 22, a gate insulating film, a gate electrode 23 

10 on the gate insulating film and an N+ layer 24 for setting an electric potential of the fourth 
N-well 5 A are formed to form the P-channel MOS transistor 20. 

Next, a structure and a manufacturing method of the lateral NPN bipolar transistor 40, the 
lateral PNP bipolar transistor 50 and the vertical PNP bipolar transistor 60 will be described with 
reference to Fig. 2 in detail. 

15 The field insulating films 2 for electrically separating these transistors are formed on the 

surface of the P-type semiconductor substrate 1 . The lateral NPN bipolar transistor 40 will be 
described first. A third N-well 3C is formed on the surface of the P-type semiconductor 
substrate 1 . The third N-well 3C is formed simultaneously with the above-described first 
N-well 3A and second N-well 3B in the same step. Accordingly, the two wells have 

20 substantially the same impurity concentration profile. A third P-well 4C is formed in the third 
N-well 3C. The third P-well 4C is also formed simultaneously with the above-described first 
P-well 4A and second P-well 4B in the same step. Accordingly, the three wells have 
substantially the same impurity concentration profile. The lateral NPN bipolar transistor 40 is 
formed in the third N-well 3C. The third P-well 4C is used as a base of the lateral NPN bipolar 

25 transistor 40. An N+ emitter layer 41 and an N+ collector layer 42 are formed on the surface of 
the third P-well 4C. 

A gate electrode 43 is formed between the emitter layer 41 and the collector layer 42 
through the gate insulating film. The gate electrode 43 is connected with the emitter layer 41. 
Furthermore, a P+ base layer 44 is formed on the surface of the third P-well 4C. The emitter 
30 layer 41 and the collector layer 42 are formed by ion implantation by using the gate electrode 43 
as a mask so that a distance between the emitter layer 41 and the collector layer 42, i.e. a base 
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width is determined by a length of the gate electrode 43. An N+ layer 45 for setting an electric 
potential of the third N-well 3C is formed on the surface of the third N-well 3C. 

Next, the lateral PNP bipolar transistor 50 will be described. A fifth N-well 5B is formed 
simultaneously with the fourth N-well 5 A in the same step, and used as a base of the lateral PNP 
5 bipolar transistor 50. Accordingly, the two wells have substantially the same impurity diffusion 
depth. 

A P+ emitter layer 5 1 and a P+ collector layer 52 are formed on the surface of the fifth 
N-well 5B. A gate electrode 53 is formed between the emitter layer 51 and the collector layer 
52 through the gate insulating film. The gate electrode 53 is connected with the emitter layer 

10 51. Furthermore, an N+ base layer 54 is formed on the surface of the fifth N-well 5B. The 
emitter layer 5 1 and the collector layer 52 are formed by ion implantation by using the gate 
electrode 53 as a mask so that a distance between the emitter layer 51 and the collector layer 52, 
i.e. a base width, is determined by a length of the gate electrode 53. A P+ layer 55 for setting a 
substrate electric potential is formed on the surface of the P-type semiconductor substrate 1 

1 5 adjacent to the fifth N-well 5B. 

Next, the vertical PNP bipolar transistor 60 will be described. A sixth N-well 5C is 
formed simultaneously with the fourth N-well 5 A and the fifth N-well 5B in the same step, and 
used as a base of the vertical PNP bipolar transistor 60. Accordingly, the three wells have 
substantially the same impurity diffusion depth. 

20 A P+ emitter layer 61 and an N+ base electrode layer 62 are formed on the surface of the 

sixth N-well 5C. A gate electrode 63 is formed between an emitter layer 61 and a base 
electrode layer 62 through a gate insulating film. The gate electrode 63 is connected with the 
emitter layer 61 . The emitter layer 61 and the base electrode layer 62 are formed by ion 
implantation by using the gate electrode 63 as a mask so that a distance between the emitter layer 

25 61 and the collector layer 62 is determined by a length of the gate electrode 63. A P+ collector 
layer 64 is formed on the surface of the P-type semiconductor substrate 1 adjacent to the sixth 
N-well 5C. 

Next, a manufacturing method of the semiconductor device of the embodiment will be 
described. First, the first N-well 3A, the second N-well 3B, and the third N-well 3C are formed 
30 on the surface of the semiconductor substrate 1 such as a P-type silicon substrate etc. This step 
is performed by ion implantation of phosphorus and then thermal diffusion, for example. 
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Next, the field insulating films 2 are formed by a LOCOS method (local oxidation of 
silicon). Then, the first P-well 4A, the second P-well 4B, the third P-well 4C, the fourth N-well 
5 A, the fifth N-well 5B and the sixth N-well 5C are formed. The P-wells 4A, 4B, and 4C, and 
the N-wells 5A, 5B and 5C are severally formed by respective ion implantations and then 
5 performed with thermal diffusion. The thermal diffusion can be performed to the P-wells and 
the N-wells simultaneously, or performed to each of the P-wells and the N-wells after each of the 
ion implantations. 

Then, the gate insulating film is formed by thermal oxidation, and if necessary, channel 
ion implantations are performed for the N-channel MOS transistor 10 and the P-channel MOS 
10 transistor 20. Then, the gate electrodes 13, 23, 33, 43, 53, and 63 are formed on the gate 
insulating film. These gate electrodes are formed of a polysilicon layer or a polycide layer. 

Then, the N+ layer is formed by ion implantation of N-type impurity such as phosphorus 
or arsenic. The N+ layer includes the described source layer 1 1 of the N-channel MOS 
transistor 10, the N+ layer 24 of the P-channel MOS transistor 20, the emitter layer 3 1 of the 
15 vertical NPN bipolar transistor 30, the collector layer 34, the emitter layer 41 of the lateral NPN 
bipolar transistor 40, the collector layer 42, the N+ layer 45, the base layer 54 of the lateral PNP 
bipolar transistor 50 and the base electrode layer 62 of the vertical PNP bipolar transistor 60. 

Furthermore, the P+ layer is formed by ion implantation of P-type impurity such as boron 
or boron difluoride. The P+ layer includes the P+ layer 14 of the described N-channel MOS 
20 transistor 10, the source layer 21 of the P-channel MOS transistor 20, the drain layer 22, the base 
electrode layer 32 of the vertical NPN bipolar transistor 30, the base layer 44 of the lateral NPN 
bipolar transistor 40, the emitter layer 51 of the lateral PNP bipolar transistor 50, the collector 
layer 52, the emitter layer 61 of the vertical PNP bipolar transistor 60, and the collector layer 64. 

In this embodiment, four kinds of bipolar transistors, i.e. the vertical NPN bipolar 
25 transistor 30, the lateral NPN bipolar transistor 40, the lateral PNP bipolar transistor 50, and the 
vertical PNP bipolar transistor 60 as well as a CMOS can be formed on the same semiconductor 
substrate 1 by a CMOS triple-well process without performing additional process steps of the 
conventional art. 

Fig. 3 shows characteristics of the described vertical NPN bipolar transistor 30. A lateral 
30 axis shows a collector current, and a vertical axis shows a current amplification factor hFE. As 
apparent from Fig. 3, the current amplification factor hFE is 100 and cutoff frequency is 1GHz, 
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so that superior characteristics to a bipolar process can be obtained. 
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